INTRODUCTION {#sec1-1}
============

Inflammation of the gingiva induced by bacteria is the most common form of gingivitis. The universal features of gingivitis are the clinical signs and symptoms of inflammation, which are confined to the gingiva. Gingivitis is reversible, once the etiology, that is, bacterial-laden plaque is eradicated by mechanical therapy. The initial changes from health to plaque-induced gingivitis may be subclinical, but as gingivitis progresses to more advanced forms of the disease, the clinical features become more apparent.

Classical studies have demonstrated that accumulation of bacteria on teeth reproducibly induces gingival inflammatory response. Removal of plaque leads to the disappearance of the clinical signs of this inflammation.\[[@ref1][@ref2]\] However, regular maintenance to prevent further buildup of plaque is a primary requisite to prevent the recurrence of disease. On the basis that plaque-induced gingivitis always precedes the occurrence and recurrence of periodontitis, the mainstay of primary and secondary prevention of both diseases is the control of supragingival plaque. Scaling and root planing are still considered the gold standard and forms the cornerstone of nonsurgical periodontal therapy. Maintenance and prevention of recurrence can be achieved by chemical plaque control.

The European Workshop on Periodontology in 1996 defined, the agents used in chemical supragingival plaque control as antiplaque, antigingivitis, plaque reducing, and antimicrobial agents. All of them have been shown to benefit gingivitis by altering the quantity/quality of plaque. At present, most antiplaque agents are antimicrobial and prevent the bacterial proliferation of plaque development. The most studied and effective chemical plaque control agent for plaque inhibition and the prevention of gingivitis is chlorhexidine (CHX). Long-term oral use has been related to a number of local side effects such as brown discoloration of teeth and restoration and taste perturbation. On the contrary, in practice today is the use of herbal mouth rinses. They have been shown to be effective in control of plaque with fewer/no reported side effects.

The oxidative process is essential for life and death of a cell. Molecular oxygen has the ability to unpair and leave free radicals which are unstable. This unstable radical is highly reactive and causes the formation of reactive oxygen species (ROS). ROS are generated from enzymatic and nonenzymatic sources. These reactive metabolites are selectively neutralized by body\'s defense mechanism. Lipopolysaccharides and DNA from periodontal pathogens stimulate the innate immune response and causes recruitment and activation of hyperresponsive polymorphonuclear leukocytes (PMNs) and thus speeds up the production of ROS. Periodontal tissue destruction leads to overproduction of lipid peroxides, an inflammatory mediator, and oxidized proteins. These products further activate macrophages, neutrophils, and fibroblasts to generate more ROS. Certainly, free radicals and other reactive species have extremely short half-life *in vivo* (10)^−6^ to (10)^−9^ and simply cannot be measured directly. *In vitro*, systems called spin traps are used to measure radical species, but there are currently no suitable spin traps/probes available for *in vivo* measurement of ROS production in humans. Hence, measurement of ROS is done by measuring the concentration of biomarkers of tissue destruction. Reactive oxidative metabolites (ROMs) is one such method of evaluating total oxidative stress in the plasma.\[[@ref3]\]

Turmeric, known as "Indian saffron," has been in use for thousands of years in Indian medicine, cuisine as well as for the religious purposes. The bright yellow-colored rhizome is a product of *Curcuma longa*, with curcumin (CMN) as its active ingredient. CMN has a plethora of beneficial properties including analgesic, anti-inflammatory, antioxidant, antiseptic, and antimicrobial which can be exploited to treat various diseases. The anti-inflammatory effect has been explored in the treatment of gingivitis, both as a local application in the form of a gel or as a mouthwash.\[[@ref4][@ref5]\] Although improvement in clinical parameters has been noted, biochemical markers for the anti-inflammatory effect have not been studied. Therefore, the aim of the study was to examine and compare the anti-plaque and anti-gingivitis effect of CHX and indigenously prepared CMN mouthwash on clinical parameters as well as the anti-inflammatory effect of both on reactive oxygen metabolites level in the saliva of gingivitis participants.

MATERIALS AND METHODS {#sec1-2}
=====================

A total of thirty participants were recruited for the study. Ethical committee approval was procured from the institution. The study protocol, orientation about the products (both CHX and CMN mouth rinse), timeline of the study, and the probable risks associated with the study were elucidated to the participants, and an oral as well as a written consent was procured. Following a detailed medical and dental history, systemically healthy participants with a minimum of twenty teeth and with chronic gingivitis were included for the study. The exclusion criteria were the presence of any systemic disease, pregnancy and lactation, allergy to either CHX and/or turmeric, participants on antibiotics for the past 3 months, participants with a history of oral prophylaxis within 3 months previous to this study, mentally challenged participants, and habits like mouth breathing, smoking that might alter the result of the study.

Preparation of curcumin mouthwash {#sec2-1}
---------------------------------

### Raw material {#sec3-1}

The mouthwash was prepared at the Department of Pharmacology, ACS Medical College and Research Centre. The raw material, turmeric rhizome was collected from bio organic farm, Thiruvallur consisting of 5% CMN. The solvents used were HPLC grade obtained from Nanjing Hanbang Chemicals Co. Ltd., (Jiangsu, China).

### Curcumin extract {#sec3-2}

The turmeric root was ground into powder using mortar and was air dried to remove moisture in the ground powder. A known amount of turmeric powder (100 g) was weighed accurately and was soaked in 99% ethanol for 48 h. The filtrate that was procured was a nice amber colored ethanol solution. The ethanol was allowed to evaporate by air drying and was placed in a microwave at 200 F, till a dry extract enriched in CMN was obtained.

### Curcumin mouthwash {#sec3-3}

Preparation of the mouthwash was in accordance with the previous study by Waghmare *et al*. 2011.\[[@ref6]\] CMN mouthwash was prepared by dissolving 10 mg of CMN extract in 100 ml of distilled water and 0.005% of flavoring agent (peppermint oil) and the pH was adjusted to 4.

Study design and clinical protocol {#sec2-2}
----------------------------------

This study was designed as a single-blind, randomized, three groups, and placebo-controlled experiment using three different mouthwashes \[[Figure 1](#F1){ref-type="fig"}\]. The sample size was calculated based on the gingivitis prevalence in Mogappair population from a study in 2011\[[@ref7]\] and using the sample size formula: *N* = 4*qp*/*L*2 Where q is 95% confidence level, *p* is prevalence, L is allowable error. To eliminate bias, diagnosis, scaling, and recording of findings was done by a single examiner. The thirty participants (18 females and 12 males; age group 25--60 years) who satisfied the inclusion/exclusion criteria were randomly allocated to one of the following three groups.

![Study design flowchart. CHX -- Chlorhexidine, TUM -- Turmeric, PI -- Plaque index, GI -- Gingival index, ROM -- Reactive oxygen metabolite](JISP-21-478-g001){#F1}

Group I -- Control (saline)Group II -- CHX mouthwash 0.2% (Rexidin; Warren, Indoco Remedies Ltd, India)Group III -- CMN mouthwash 0.1%.

The study data were entered into a standard pro forma. At baseline, all the three groups underwent meticulous scaling and polishing and were assigned to the respective mouthwash. Before scaling, all the participants were assessed clinically for plaque index (PI)\[[@ref8]\] and gingival index (GI)\[[@ref9]\] and unstimulated saliva was collected for ROM estimation. After thorough rinsing, to remove any debris, the saliva was collected 10 min later to avoid sample dilution. Whole saliva (2 ml) was collected in disposable, sterile, clean tubes, and centrifuged immediately to remove cell debris at 1000 rpm for 10 min at 4°C. The supernatant was removed and stored in small aliquots at −80°C until analysis.

The participants were advised to follow their regular brushing protocol. After brushing, the participants were advised to use 10 ml of the mouthwash without dilution, swish for 1 min, twice every day for 4 weeks. Participants were also instructed to refrain from consuming anything for ½ h after rinsing. The compliance of the participants was verified by providing them with a medication sheet, explaining the time and dose. The medication sheet had to be filled by the participants after using the mouthwash. Clinical assessment of PI and GI and saliva collection for ROM was performed again at the end of 4 weeks.

Primary and secondary endpoints {#sec2-3}
-------------------------------

The primary outcome measure was the differences in the mean PI and GI scores from baseline to 4 weeks\[[@ref10]\] and the secondary outcome analyzed was the changes in the ROM levels from baseline to 4 weeks.

Measurement of reactive oxygen metabolites\[[@ref3]\] {#sec2-4}
-----------------------------------------------------

The measurement of salivary ROM level (whole oxidant capacity of saliva against N-N-diethyl paraphenylenediamine in the acidic buffer) was performed using a spectrophotometer. About 20 μl salivary sample and 1 ml acetate buffer (pH--4.8) were gently mixed in a cuvette and 20 μl chromogenic substrate (N, N-diethyl-p-phenylenediamine) was added. After mixing, the cuvette was immediately incubated in the thermostatic block of the analyzer for 5 min at 37°C. The 505 nm absorbance was recorded. The Carratelli unit is used for measurement. It was established that 1 CARRU corresponds to 0.08 mg/dl hydrogen peroxide.

Test principle {#sec2-5}
--------------

The ROMs test uses the principle of Fenton\'s reaction: by mixing a biological sample with an acidic buffer (Reagent R1), the newly created transition metal ion (iron or copper) catalyzes the breakdown of hydroperoxyl (ROO+) and alkoxyl (RO+). By adding a chromogen (N, N-diethyl-p-phenylenediamine, Reagent R2) having the ability to donate an electron and change color when oxidized by free radicals, and using photometric reading available with the FRAS 4 dedicated analytical equipment, it becomes possible to quantify the level of hydroperoxides available in the sample.

Statistical analysis {#sec2-6}
--------------------

The normality tests Kolmogorov-Smirnov and Shapiro-Wilk\'s tests results revealed that the variables followed a normal distribution. Therefore, to analyze the data parametric methods were applied. To compare the mean values between groups one-way ANOVA was applied followed by Bonferroni *post hoc* tests for multiple pair-wise comparisons. To compare mean values between baseline and 4 weeks paired *t*-test was applied. To analyze the data statistical software was used (IBM, SPSS Statistics for Windows, Version 22.0, Armonk, NY, USA: IBM Corp. Released 2013) significance level is fixed as 5% (α = 0.05).

RESULTS {#sec1-3}
=======

The ROM levels, PI, and GI mean values show a statistical significance from baseline to 4 weeks, indicating reduction in PI, GI scores as well as mean levels of ROM \[[Table 1](#T1){ref-type="table"}\]. On intragroup comparison of PI, GI, and ROM from baseline to 4 weeks \[[Table 2](#T2){ref-type="table"}\], the control group showed statistical significance for PI, whereas ROM levels and GI showed no significance. The CHX group had significant values (*P* \< 0.05) for both PI and GI, but no significance was noted in ROM values from baseline to 4 weeks. [Table 3](#T3){ref-type="table"} shows the intergroup comparison of PI, GI, and ROM levels at baseline and at 4 weeks by one-way ANOVA. Significance was evident at end of 4 weeks for all the three parameters, namely, PI, GI, and ROM levels. [Table 4](#T4){ref-type="table"} shows Bonferroni *post hoc* tests for multiple comparison.

###### 

Comparisons in plaque index, gingival index, and reactive oxygen metabolite levels from baseline to 4 weeks\*

![](JISP-21-478-g002)

###### 

Intragroup comparison of plaque index, gingival index, and reactive oxygen metabolite levels from baseline to 4 weeks\*
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###### 

Intergroup comparison of plaque index, gingival index, and reactive oxygen metabolite levels at baseline and at 4 weeks\*
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###### 

Bonferroni *post hoc* tests for multiple comparisons

![](JISP-21-478-g005)

A statistically significant difference was seen for PI between control and CHX as well as control and CMN group. However, no significance was seen between CHX and CMN group. Similarly, for GI, it was significant among all the groups, whereas for ROM, the significant pairs were the control and CMN group as well as the CHX and CMN group.

DISCUSSION {#sec1-4}
==========

Ayurvedic medicine has its origin in ancient Indian culture -- the medicinal use of plants to treat various diseases. In the recent years, interest in herbal alternatives to treat gingivitis has skyrocketed as these naturally occurring compounds not only achieve the desired effect but also have no significant side effects.

As with many other oral health diseases, it is proven that bacterial laden dental plaque is the culprit behind gingival inflammation and the effect of plaque control on gingivitis and periodontitis is well documented. In short-term investigations, chemical plaque control (oral rinsing twice a day with 0.2% CHX gluconate solution) has been effective in the prevention of human gingivitis.\[[@ref11]\] However, certain unwarranted side effects preclude its use for long term.

The effect of CHX on plaque and its property of slow release have made it as the panacea in the adjunctive treatment to gingivitis. CHX being cationic prevents pellicle formation and is bacteriostatic at lower concentrations and bactericidal at higher concentrations.\[[@ref12]\]

CMN, a polyphenolic compound, is a secondary metabolite isolated from the rhizomes of turmeric, and exhibits a number of therapeutic effects, including anti-cancer properties. It also protects against free-radical damage because it is a strong antioxidant.\[[@ref13]\]

The antibacterial effect of CMN is well documented and includes a plethora of microorganisms.\[[@ref14]\] Mohammed *et al*.\[[@ref15]\] have shown that the antimicrobial activity of CMN may be useful for controlling dental biofilms. Waghmare *et al*.\[[@ref6]\] have reported a significant reduction in the total microbial count with the use of turmeric mouthwash, making it a suitable candidate as an antiplaque agent.

The anti-inflammatory effects of CMN have been well studied in many medical conditions. It can be effective in improving inflammation of rheumatoid arthritis (RA) and reducing clinical manifestation of RA.\[[@ref16]\] Exhaustive remission of anterior uveitis was noticed with the use of CMN.\[[@ref17]\] CMN was proven beneficial in irritable bowel syndrome (IBS) treatment\[[@ref18]\] and also works as a reducing agent to delayed graft rejection after kidney transplant surgery.\[[@ref19]\] It is natural therefore to exploit the anti-inflammatory effect in the treatment of gingival inflammation.

The anti-inflammatory mechanism of action of CMN could be due to the blockage of arachidonic acid metabolism,\[[@ref20]\] namely, (1) selective inhibition in the synthesis of prostaglandin E2 and thromboxane occurs without altering the production of prostacyclin; (2) inhibition of arachidonic acid metabolism through lipoxygenase and scavenging of free-radicals generated in this pathway; and (3) decreased expression of inflammatory cytokines interleukin (IL)-1b, IL-6, and tumor necrosis factor-alpha.

In the present study, the objective was to evaluate the anti-plaque and anti-gingivitis effect of CMN on clinical parameters using PI, GI, and biochemical parameter, namely, the ROM and compare it with the conventionally used CHX mouth rinse and saline mouth rinse which was maintained as the control group. Collection of saliva is less invasive and less tedious than GCF, which requires considerable skill and would be ideal in reflecting periodontal inflammation. Since all were gingivitis participants, saliva was considered rather than GCF. In all the groups, taken together, there is overall reduction in PI, GI and ROM levels \[[Table 1](#T1){ref-type="table"}\]. On individual group comparison between baseline and 4 weeks, significant independent reduction in PI was seen in all the three groups and reduction GI scores are seen in both CHX and CMN groups and only in CMN group, reduction in ROM levels are seen at 4 weeks interval \[[Table 2](#T2){ref-type="table"}\]. The anti-plaque activity of 0.2% CHX is well established in many studies,\[[@ref21][@ref22]\] and our results are also consistent with the previous studies. The intergroup comparison of PI, GI, and ROM levels at baseline and at 4 weeks, also showed significance between the groups for all the three parameters \[[Table 3](#T3){ref-type="table"}\]. However, Bonferroni *post hoc* tests for multiple comparisons \[[Table 4](#T4){ref-type="table"}\], show nonsignificance between PI of CHX and CMN, denote that both were comparable in the anti-plaque property but significant for GI, indicating CMN having better anti-inflammatory effects than CHX at 4 weeks. Our results are in concordance with Mali *et al*.,\[[@ref4]\] wherein improved results in clinical indices in both 1% CMN mouthwash as well as 0.2% CHX mouthwash were reported. However, our results differ from Singh *et al*. 2015,\[[@ref23]\] wherein reduction in PI at end of 2^nd^ and 3^rd^ week was better in CHX group. Similarly, the decrease of mean GI was evidently higher in Group CHX than Group CMN. The difference between our study and theirs could be due to the formulation used -- gel versus mouthwash in our study, which may have influenced the results.

About 1% CMN solution was shown to resolve signs and symptoms of inflammation better than CHX and saline irrigation as a subgingival irrigant and reduces the inflammatory edema and vascular engorgement of connective tissue, causing shrinkage.\[[@ref24]\]

Few studies have compared the gel formulations of turmeric with CHX in periodontitis participants. Jaswal *et al*. 2014\[[@ref25]\] did a comparative evaluation of single application of 2% whole turmeric gel versus 1% CHX gel in chronic periodontitis patients and concluded that the experimental local drug delivery system containing 2% whole turmeric gel helped in reduction of probing depth and gain of clinical attachment levels. In addition to clinical parameters, the effect on periodontal pathogens was also noted by Bhatia *et al*. 2014.\[[@ref26]\] The locally delivered 1% CMN gel was more effective in inhibiting the growth of oral bacteria (*Porphyromonas gingivalis*, *Prevotella intermedia*, *Fusobacterium nucleatum*, *and Capnocytophaga*) when used as an adjunct to SRP in the treatment of chronic periodontitis.

PMNs are the primary host defense modulator in gingival inflammation and ROS are generated by PMNs, as a result of the inflammatory tissue response mechanisms. Reactive oxygen metabolites (ROM), a measure of ROS has been found to be useful for the evaluation of oxidative status. This test measures the level of generic peroxide, which in turn reflects the level of free radicals from which they were formed. Uma Sudhakar *et al*. 2015,\[[@ref27]\] showed increased ROM levels in saliva of chronic gingivitis and periodontitis patients, indicating significant oxidative stress in gingival inflammation. In the present study, overall ROM levels, reduced at the end of 4 weeks \[[Table 1](#T1){ref-type="table"}\]. Although ROM level reduction was seen in control and CHX group, it was not significant \[[Table 2](#T2){ref-type="table"}\], whereas it was significant in CMN group. The evaluation of ROM is novel, reflecting the anti-inflammatory and anti-oxidant effect of CMN; however, a similar study with ROM estimation was not found for comparison. Our results have shown a significant decrease in ROM levels at the end of 4 weeks only in the CMN group and not in the control or CHX groups, therefore, this additional benefit can be attributed to anti-inflammatory effect of CMN only.

The therapeutic potential of CMN is being explored and recently, it has been shown that a series of chemically modified CMCs with increased solubility and zinc-binding activity, while retaining, or further enhancing, their effects better than the parent compound CMN, on pro-inflammatory cytokines and MMPs in *in vitro*, in cell culture, and in an animal model of periodontal inflammation.\[[@ref28]\]

Both CHX and CMN groups had good patient compliance and no adverse effects were reported in both the groups. However, the limitations of the study were the shorter duration of the clinical trial and smaller sample size. Additional studies are required corroborate whether the effect is clinically and statistically significant over a longer duration of time.

CONCLUSION {#sec1-5}
==========

Within the limitations of the study, CMN mouthwash, as a plaque control agent was found to be comparable in plaque reduction as that of CHX and better in reducing gingival inflammation as evident clinically and in the reduction of ROM. The anti-inflammatory and antioxidant effects of CMN should be ascertained with further longitudinal studies.
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